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Design Specifications Design Challenges

Dasign of & high resclution Cryogenie ADC

L Temperature range: -230/ € to +120j € O the required high resolution imits the switch

noise and Opamp naise to a

L1 System gn af @ high time and a discrete-time .
cryogenic Sigma defla ADC (completad) .24 Bits at 100 Hz, 20 Bits st 1 kHz vy small valug
O Study the effect of radiation including SEE and TID (completed) D Application: Spectroscopy = estremly Smal SWItching neise requires [rge capacitors, which resulis in
2 Design of wid: Binsing schema O " b han & )
O Dasign and apa-sut of the major bullding blocks (ncluding low naise P STRIEC LT A A ity large area, high power eopsumption, lirge capacitive load on Opamps, ...
it e ek ©1 Design tactinslogy 1M 0.18 i [e:@. 22 Bits at full-seate of 1V requices sampling capacitors to be lacger than
(complated) h

Proposed :
O Implementing several analog techniques to reduce noise without TR eRey 3uFIl)
compromising power and area such as CLS. CHS, fine and coarse Design a tunable sigma delta ADC, use wide-temperature blasing scheme, use

) Reducing noie at Qpamgp requires using largers devices and increased g,

DMcoio LOOMpMAIOG) different techniques to reduce nolse and increased resolution

O Topa-out and Toat of e whole sigma delta ADC (o0 goirg) which trades off with power and area

Proposed Solutions: Problem of Switching Noise (1) Proposed Solutions: Problem of Switching Noise (2} Proposed Solutions: Reducing Opamp Noise (1)
Adding Cx reduces the loading on the Opamp and the total size of the Doubie COS):
1) Source needs 1o drive large load Bauit still 1 Souren noeds to dive large capacitancs (now Cx+Cs instead of Ca) MNoise and offsel are sampled twice in both clock phases and thesr final effect

fets cancelled

2) Feadback capacitor would ba even larger
Cur proposed solulicn
3) Opamp will 500 @ large cepacitive foad b sdditon (o Cx Reduces flicker noise and offset. The effect of Opamp finite gain is reduced

padially, Drawback: increases in-band noise dus (o noise alasing

and silicon area |

Chapper Stabilization (CHS):
e Modulates the low frequency noise and transfers i to high frequency where i
- —he———— 1 con be filtered out by a low-pass-filter

= ) Reduces flicker noise and offset. Does not have the problem of naise aliasing

Saolution: - § PR, O but has no effoct on the emor caused by Opamp finite gain,

Add one set of large capacitor Cx *{could ¥ 1 .
o1l Correlated Lovel Shilting (CL5"):
be ff-chip) Cx is L
£ ""N:I" o P:‘ I" ' larpe Samples the eror signal caused by finite gain of Opamp and subtracts it from

n
« Size Cx based on noise requirement ha outpul of the Opamp

It roquiras an exira clock phase Best technique to reduce the effect af finite gain of Gpamp, provides raikto-rail
« Size Cs based on matching Added buffers can be made vary low power since their linearity and nolse are not aperation, has o betler noise perfarmance than COS
requirement Imeorant
« Size Cf based on the required gain in et o i oo
the stage % .

Proposed Solutions: Reducing Opamp Noise (2} The Proposed Switched-Capacitor Integrator (1) The Propo:qd Switched-Capacitor lntIxralur (2]

£ results shaw that chopper-stabilization has & betler naise pedormance than

- I doulk g suffers from alased nolse].

1 This dersign s ch i addtion Il -shifting 1o

* Uses Cx to reduce the total capacitance required (Cs and Cf), could be
oven off-chip

+ Uses low-power bulfers to relax the driving requirement of the source
* Uses chopper-stabilization to reduce the flicker noise and offset of the
Opamp

@, NP sigAal in Ramgled an Cx and T Mrough input tuter

&, inpat signal i on Cx ard Cs direclly

@y, cutput signal m sampled on Co,

Wy, U arred dus 1o Opamp fite gawn i cancelied from outpul

CH and CH-ans the two complementary phases used for chapping and they arm

Intartionally chaen nat 19 be rmsevant 16 clack perod e avald He cross products
he two clocks.

7 imin CLA thet auinb e mab doiril oparsiion (e
woll an low gain

Rosult Low powar, high roso n design using low gain fast
Opamps and amall caps

zon signal power) as

Tape-out of Building Blocks Sigma Delta Modulator Scaling Resolution with Spoed

A tape-out in March had all
magor buillding blecks of &
high-resalution DT sigma-
delta modulatorn:

Chopper stabilization  and
comalated doubles sampling
technsques for  switched-
capacitor gain amplifiers and
Integraioms

= Standard CIFF structume

= 3" ordes, can be reconfigured as & 2 order
= Optimized and tunable coefficients

JAZZ 0.18um Tochnology Output spectrum

Thie part uswt fod this Sesign
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